max. 125 words) 53 Soil organisms are crucial for ecosystem services that support human life. However, little is 54 known about the distribution, diversity and threats facing them. Here, we compiled a global 55 dataset of sampled earthworm communities from over 7000 sites in 56 countries to predict 56 patterns in earthworm diversity, abundance, and biomass. Further, we identify the 57 environmental drivers shaping these patterns. Local species richness and abundance typically 58 peaked at higher latitudes, while biomass peaked in the tropics, patterns opposite to that 59 observed in many aboveground taxa. But similar to many aboveground taxa, climate variables 60 were more important in shaping earthworm communities than variables relating to soil or habitat 61 cover. These findings highlight that, while the environmental drivers are similar, conservation 62 strategies to conserve aboveground biodiversity might not be appropriate for earthworm 63 diversity. 64
biodiversity-ecosystem functioning studies focus on species richness as a diversity measure 77 (19-21), the provisioning of ecosystem functions by earthworms is likely to vary depending on 78 abundance (22), biomass (23-25), and ecological group of the earthworm species (24, 26, 27; 79 see Supplementary Materials and Methods). Consequently, understanding global patterns in 80 community metrics for earthworms is critical. 81 82 Our ecological understanding of global biodiversity patterns (e.g., latitudinal diversity gradients 83 28, 29) are largely based on the distribution of aboveground taxa only. For many aboveground 84 taxa, variables relating to climate (30-33) or energy (e.g., primary productivity 34; 85 evapotranspiration 35, 36) are often the most important predictors of diversity across large 86 scales. At large scales, climatic drivers also shape belowground communities (5, 37-41), but 87 the response to these drivers in belowground communities may differ from those seen 88 aboveground (5, 42, 43) . For example, mean annual temperature positively correlates 89 aboveground diversity (44), but negatively correlates with the diversity of many classes of fungi 90 (5), likely due to the optimum temperature of the latter being exceeded (45) . 91 92 From small scale field studies we know that soil properties such as pH and soil carbon will 93 influence earthworm diversity (40, 46, 47) . For example, lower pH values constrain the diversity 94 of earthworms by reducing calcium availability (48), and soil carbon provides resources that 95 sustain diversity (46). Alongside the many interacting soil properties (40), there are a variety of 96 other drivers can shape earthworm diversity, such as climate and habitat cover (46, 49, 50) . 97 However, to date, no single framework focused on soil fauna has integrated a comprehensive 98 set of environmental drivers to identify the most important ones. 99 100 As many soil organisms have shown global diversity patterns that differ from aboveground 101 organisms (5, 42, 43, 51) , we anticipate that earthworm community metrics (particularly diversity) will not follow global patterns seen aboveground. This would be consistent with 103 previous studies at smaller scales, which have shown that species richness of earthworms 104 increases with latitude (40, 50). Because studies have shown that local earthworm communities 105 are highly influenced by soil properties, we furthermore expect soil properties (e.g., pH and soil 106 organic carbon) to be key environmental drivers of earthworm communities. 107
108
We collated 181 earthworm diversity datasets from the literature and unpublished field studies 109 (162 and 19, respectively) to create a dataset spanning 56 countries (all continents except 110 Antarctica) and 7048 sites ( Figure 1a ). We used this raw data to explore key characteristics of 111 earthworm communities (species richness, abundance and biomass), and determine the 112 environmental drivers that shape earthworm biodiversity. We then used the relationships 113 between earthworm community metrics and environmental drivers to predict local earthworm 114 communities across the globe. Here, we present the first global maps describing earthworm 115 biodiversity, distilled into three earthworm community metrics: diversity, abundance, and 116 biomass. 117 118 Three mixed effects models were constructed for each of the three community metrics; species 119 richness (calculated within a site, ~1m 2 ), abundance per m 2 , and biomass per m 2 . Each model 120 contained 12 environmental variables as main effects ( Supplementary Table 2 ) which were 121 grouped into six themes; 'soil', 'precipitation', 'temperature', 'water retention', 'habitat cover' and 122 'elevation' (see Supplementary Materials and Methods). Within each theme, each model 123 contained interactions between the variables. Following model simplification, all models retained 124 most of the original variables, but some interactions were removed (Supplementary Table 3 species richness were at mid-latitudes, such as the southern tip of South America, and the 138 southern regions of Australia and New Zealand. Europe (particularly north of the Black Sea) and 139 northeastern USA also had particularly high local species richness. While this pattern contrasts 140 with the latitudinal diversity patterns found in many aboveground organisms (28, 29, 53) , it is 141 consistent with patterns found in some belowground organisms (ectomycorrhizal fungi 5, 142 bacteria 41, nematodes 54, 55), but not all (arbuscular mycorrhizal fungus 39, oribatid mites 143 56). The mismatch between above-and belowground biodiversity has been predicted (42, 51, 144 57). This work highlights the fact that it is important that soil organism diversity patterns are 145 examined in concert with those of aboveground taxa if we want to fully understand large-scale 146 patterns of biodiversity and their underlying drivers (43, 58) . 147 148 However, the patterns seen could be as a result of past climates, in particular glaciation in the 149 last ice age. With the expectation that regions in the mid-to high latitudes that were previously 150 glaciated would be re-colonised by earthworm species with high dispersal capabilities and large 151 geographic ranges (50). Thus mid-latitude communities would have high local diversity but 152 minimal beta-diversity, and the opposite would be true in the tropical regions. When the number 153 of unique species within each 5 degree latitude band was calculated (i.e., regional richness, 154 Figure 2a ) there was no evidence of a latitudinal diversity gradient once sampling effects have 155 been accounted for (Figure 2b ). This highlights that even with relatively low sampling effort in 156 the tropics (Figure 2a ), endemism of earthworms (59) and beta diversity within the region (i.e., 157 across the sites; 50, 60) must be considerably higher than within the well-sampled temperate 158 region. This suggests that climate related methods and data, which are typically used for the estimation 201 of aboveground biodiversity by macroecologists, may also be suitable for estimating earthworm 202 communities. However, the strong link between climatic variables and earthworm community 203 metrics is cause for concern, as climate has been and will continue to change due to 204 anthropogenic activities over the coming decades (74). Our findings further highlight that Figure 4) . Across larger scales, climate will influence both the 218 habitat cover and the soil properties, all of which will affect earthworm communities. Being able 219 to account for this indirect effect with appropriate methods and data may alter the perceived 220 importance of soil properties and habitat cover (e.g., with pathway analysis 33). In addition, for 221 soil properties, the mismatch in scale between community metrics and soil properties taken from 222 global layers (for sites where sampled soil properties were missing; see supplementary methods 223 and materials) could also reduce the apparent importance of the theme. 224 225 By compiling a global dataset of earthworm communities we show, for the first time, the global 226 distribution of earthworm diversity, abundance and biomass, and identify key environmental 227 drivers responsible for these patterns. Our findings suggest that climate change might have 228 significant and serious effects on earthworm communities and the functions they provide. 229
Despite earthworm communities being driven by similar environmental drivers as aboveground 230 communities (31, 33), this relationship results in different patterns of diversity. We highlight the 231 need to integrate belowground organisms into the global biodiversity paradigm to fully 232 understand global patterns of biodiversity. Our study creates an avenue for future research: 233
given that climate was the most important predictor of earthworm communities, it is possible for 234 ecologists who have previously focused on modelling aboveground diversity to use similar 235 methods belowground. By modelling both realms, aboveground/belowground comparisons are 236 possible, potentially allowing a clearer view of the biodiversity distribution of whole ecosystems. 237
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